Controlling blood pressure in hemodialysis patients is crucial but not always easy. The most common blood pressure measurement method is peri-dialysis measurement, but due to interdialytic blood pressure fluctuations, we are unsure if it is the proper way for evaluating blood pressure. Some studies have shown the superiority of 24-h ambulatory blood pressure monitoring over peri-dialysis blood pressure measurement. We aimed to compare the consistency of these methods in determining hypertension among hemodialysis patients. We studied 50 patients (mean age: 55.8 years) on regular hemodialysis in Imam Khomeini University Hospital, Tehran, Iran. Peri-dialysis blood pressure and interdialytic 24-h ambulatory blood pressure monitoring were recorded for each patient. Patients' demographic data and peri-dialysis weight were recorded too. All data were analyzed using the PASW Statistics 18.0, SPSS Inc. (Chicago, IL). There was a significant difference between pre-dialysis mean systolic blood pressure (146.1 ± 23.3 mmHg) and mean systolic blood pressure recorded by ambulatory blood pressure monitoring (135.3 ± 19.3 mmHg) (p ¼ 0.001). There was also a significant difference between pre-dialysis mean diastolic blood pressure (83 ± 14 mmHg) and mean diastolic blood pressure recorded by ambulatory blood pressure monitoring (77.3 ± 10 mmHg) (p ¼ 0.003). But the frequencies of hypertension measured with both methods were significantly consistent and the Kappa agreement coefficient was 0.525 (p ¼ 0.001). Considering ambulatory blood pressure monitoring as the gold standard for blood pressure measurement, our recommendation for the best cutoff point to diagnose hypertension, with the highest sensitivity and specificity would be 135/80 mmHg for pre-dialysis blood pressure and 115/70 mmHg for post-dialysis blood pressure.
Introduction
Hypertension (HTN) is one of the traditional risk factors for cardiovascular diseases. Especially because of its direct relation with left ventricular hypertrophy, HTN has a major role in developing cardiovascular morbidity and mortality in hemodialysis patients. 1, 2 The mortality of patients undergoing hemodialysis is 20% in the first year and 70% after 5 years and cardiovascular diseases are the major cause for this mortality. 3, 4 Thus, controlling blood pressure (BP) in hemodialysis centers is fundamental in patients' treatment. 1 Managing HTN in hemodialysis patients is a challenge for nephrologists. Because of the interdialytic BP changes and lack of standard global criteria for definition and management of HTN in hemodialysis patients, management of HTN in these patients is almost confusing. 5 The most common BP measurement method is measuring BP before and after dialysis, but due to interdialytic BP fluctuations and the extent of accuracy and reproducibility of this method, many doubts that this would be the proper way for evaluating BP in hemodialysis patients. 5, 6 Some studies comparing Ambulatory BP Monitoring (ABPM) and peridialysis BP measurement have shown that pre-dialysis exam estimates both systolic and diastolic BPs higher than ABPM.
6-8 A 24-h ABPM can detect nighttime HTN and nighttime HTN is a stronger predictor of cardiovascular events compared to daytime. 9 Perloff et al. 10 showed that ABPM can predict cardiovascular events in hypertensive patients better than measuring BP in the clinic. This superiority was later proved in other studies which evaluated general population, treated and untreated hypertensive patients, refractory HTN, the patients with isolated systolic HTN, and the elderly. 11, 12 Ambulatory BP Monitoring interpretation is done by measuring the average of repeated BP measurements and this would be a better representative of patient's BP. The ABPM technique can analyze the amplitude, periodicity, time to peak, and trough of BP. 11, 13, 14 Unlike clinic BP monitoring, ABPM makes it possible to observe the dipping status, morning surge, BP variability and duration of drug effects. 13 Also the sleep-awake cycle can only be observed using ABPM. 11, 15 Patients fall into four groups according to their day-night BP variation 15 (Table 1 ). Some studies show that being a non-dipper and having a pulse pressure 453 mmHg are independent risk factors of cardiovascular events. 16, 17 The present situation of evaluating BP in hemodialysis patients by peri-dialysis measurement in most of the countries including Iran, may provide a quality sense from BP, but is unable to represent patients' interdialytic BP. 18 Accurate diagnosis of HTN as a cardiovascular risk will enable us in more effective patient management and reducing future morbidity and mortality. This study aims to compare two methods of BP measurement in hemodialysis patients and evaluate their agreement.
Patients and methods
In this cross-sectional study, 50 patients on regular hemodialysis in Imam Khomeini University Hospital, Tehran, Iran were studied. The inclusion criteria were age of 18 years or more and having been on regular hemodialysis for at least 3 months. The exclusion criteria were pregnancy, having diabetes, dementia, and severe cardiac or hepatic failure.
This study was approved by committee of research ethics of Nephrology Research Center of Tehran University of Medical Sciences. The patients gave their written informed consent before entering the study.
Clinical history and demographic information were recorded on separate forms. A trained nurse measured and recorded each patient's BP and weight before and after dialysis. Peri-dialysis BP was measured using digital Omron Õ sphygmomanometer made by Omron Õ Health Care (Kyoto, Japan) under the following conditions: (1) The patient had reached to the dialysis ward at least 30 min earlier and (2) had rested on the dialysis bed for at least 5 min.
For evaluating the agreement of the two devices, the predialysis BP was measured by both Omron Õ and ABPM device with an interval of 5 min. After the dialysis session, the patients were referred to measure their BP for the next 24 h. The ABPM device was AmbuloÔ 2400 made by Tiba Medical Inc. (Portland, OR) and the same trained nurse set the device for every patient. Ambulatory BP was recorded every 15 min during the day (7 a.m.-11 p.m.) and every 30 min during the night (11 p.m.-7 a.m.). All data were recorded in separate sheets, stratified by Microsoft Access Software, and analyzed using the PASW Statistics 18.0, SPSS Inc. (Chicago, IL).
Results
Fifty patients were evaluated in this study. Demographic data and characteristics of the patients are presented in Table 2 .
Most of the patients had a BMI between 19 and 25 (Table 3) . Table 4 shows patients' BP measured before and after a dialysis session and Table 5 shows their 24-h ABPM. There was a significant difference between pre-dialysis mean systolic BP and mean systolic BP measured by ABPM (p ¼ 0.001). There was also a significant difference between pre-dialysis mean diastolic BP and ABPM mean diastolic BP (p ¼ 0.003).
On the basis of patients' pre-dialysis BP measurement and considering HTN as BP 4140/90 mmHg, 62% of the patients were hypertensive. The post-dialysis measurement showed 28% of patients as hypertensive.
On the basis of patients' 24-h ABPM and considering HTN as mean BP 4130/80 mmHg, 66% of the patients were hypertensive and if we consider HTN as mean nighttime BP 4120/70 mmHg, 74% of the patients were hypertensive.
According to the ABPM, the average of mean arterial pressure among patients was 96.7 ± 12.2 mmHg.
Patients' status of dipping is shown in Table 6 . Sixty percent of patients had a pulse pressure 453 mmHg and 40% had a pulse pressure 53 mmHg. The frequency of HTN did not have a significant difference between the dipper and non-dipper groups of patients. In fact, among the dippers, 33.3% were hypertensive, while among non-dippers, 47.2% were hypertensive (p ¼ 0.4). No significant relationship was detected between mean intradialytic weight loss and BP decrease. Our findings also showed that interdialytic weight gain and interdialytic increase in BP were not significantly related.
Considering ABPM as the gold standard for BP measurement, our recommendation for the best cutoff point to diagnose HTN with pre-dialysis BP, with the highest sensitivity and specificity would be 135/80 mmHg (Tables 7 and 8) .
Considering ABPM as the gold standard for BP measurement, our recommendation for the best cutoff point to diagnose HTN with post-dialysis BP, with the highest sensitivity and specificity would be 115/70 mmHg. Our recommendations of peri-dialysis cutoff points according to ABPM as gold standard are summarized in Table 9 .
Comparing two methods of pre-dialysis measurement and ABPM revealed that the frequencies of HTN measured with both methods were significantly consistent and the Kappa agreement coefficient calculated for them was 0.525 (p ¼ 0.001). Table 10 compares the frequency of HTN in both methods of measurement.
According to Table 10 , 7 (14%) of the patients were shown hypertensive in pre-dialysis measurement, while ABPM showed them as non-hypertensive. This phenomenon can be explained as white coat HTN. Also, 3 (6%) of the patients who have been shown as non-hypertensive in pre-dialysis measurement have been shown as hypertensive in ABPM. This can be explained as masked HTN (high blood pressure at home and normal blood pressure in the clinic).
Discussion
The prevalence of HTN among hemodialysis patients is 70-90% in most of the literature. 19 The study of Nemati et al. 20 on patients from five major cities of Iran, showed that considering a BP of 140/85 mmHg as HTN cutoff point, the prevalence of HTN among hemodialysis patients is 58% and 29% according to pre-dialysis and post-dialysis BP measurements, respectively. Considering a BP of 140/90 mmHg as HTN cutoff point, the prevalence of HTN in our study was 62% and 28% according to pre-dialysis and post-dialysis BP measurements, respectively. These values are similar to Nemati's study, and a little lower than non-Iranian studies. In our study, we were able to compare different cutoff points for HTN and two different BP measurement methods. Reducing the cutoff point of HTN with pre-dialysis BP measurement to 135/80 mmHg will result in considering a higher percentage of our patients as hypertensive (66%) which is higher than Nemati's study but nearer to non-Iranian ones. Also, if we consider the cutoff point of 130/80 mmHg with ABPM, which we have suggested in our study, 66% of patients will be hypertensive. More studies are required to verify these ratios and determine the prevalence of HTN among Iranian hemodialysis patients.
Hypertension due to white coat effect, which has a prevalence of 30% 11, 21 was observed only in 14% of our patients. Masked HTN which is reported to have a prevalence of 8-20% in general population, 22, 23 was observed in 3 (6%) of our patients, one of which was a smoker. Smoking is a risk factor for masked HTN and it is also different among patients according to age, gender, and obesity. 22 Regarding that only three patients showed masked hypertension, we are unable to compare various contributing factors between them and patients of other studies.
Some studies show that having a pulse pressure 453 mmHg is independent risk factor of cardiovascular events. 16, 17 Sixty percent of our patients had a pulse pressure 453 mmHg.
Similar studies have shown that interdialytic weight gain increases BP 24, 25 which seems reasonable because interdialytic volume overload can increase patient's weight and BP. However, our findings failed to show such a relationship.
To explain this fact we should note to three points: first, this relation has not been proven in previous studies on Iranian patients, as the study by Nemati et al. did not find a significant association between interdialytic weight gain and pre-dialysis HTN either. Second, most of the studies showing this relation have used ABPM for 44 h rather than 24 h. Our study used 24-h ABPM. And third, the little sample size limits us in generalizing the results and therefore, there might still be a relation that our study has not been able to prove because of its limited number of subjects. More studies are necessary to clarify this relationship.
Dipping phenomenon is reported to have a prevalence of 16-57% among different populations 11, 26 and some studies show that the reproducibility of this phenomenon is questionable in chronic kidney disease and hemodialysis patients. 8, 11, 27, 28 In our study, 24% of the patients were dipper and 76% non-dipper, which agree with other studies.
In another study on chronic kidney disease patients, it was shown that nighttime blood pressure can better predict cardiovascular events than daytime blood pressure. 9 In our study, 74% of the patients had nighttime HTN.
Conion et al. 29 showed that systolic/diastolic BP measured before dialysis is related with mean 24-h systolic/diastolic BP and 4.7/3.7 mmHg higher than that. Our study confirmed this relationship too, but the pre-dialysis BP was only 10.8/5.6 higher than mean 24-h BP which is almost half of the difference reported in Conion's study.
In their study on 70 patients, Agarwal et al. showed that comparing with ABPM standard for diagnosing HTN: (a) Pre-dialysis BP of 4150/85 mmHg has 480% sensitivity. 
